Introduction Surgical repair of symptomatic, retracted rotator cuV tears unresponsive to non-operative treatments requires closure of the tear without undue tension and reattaching the torn tendon to its former insertion site. In this study, the length of the torn tendon edge was hypothesized to be longer than the length of the humeral insertion site. The objective of this study was to quantify the discrepancy in length of the torn tendon edge and the length of the avulsed humeral insertion site. Materials and methods Full thickness, rotator cuV tears that were found in twelve fresh frozen cadaver shoulders was studied. The length of the torn tendon edge, the length of the avulsed humeral insertion site and the retraction were measured using digital calipers. Results Each tear involved the supraspinatus and the infraspinatus was additionally torn in six. The size of the tear was medium in eight and large in four. The length of the torn tendon edge was always longer than the length of the avulsed humeral insertion site. Retraction was 29.9 § 9.3 mm (range 21-48 mm). The repair ratio, deWned as the ratio of length of torn tendon edge to the length of avulsed humeral insertion site, was 2.6 § 0.4 (range 2.1-3.5). Conclusion As only the length of the torn tendon edge equal to the length of the avulsed humeral insertion site can be repaired to bone, a repair ratio more than one precludes a simple repair and an additional repair technique such as margin convergence would be necessary for the remaining unapproximated torn tendon edge in rotator cuV tears. Repair ratio may aid in selection of the surgical repair technique of these rotator cuV tears.
Introduction
Tears of the rotator cuV tendons are one of the most common causes of shoulder pain and disability [1] . Yet treatment is complicated by variability in shoulder symptoms. For example, not all tears are associated with pain, weakness and loss of shoulder range of motion [2] [3] [4] . For those that are symptomatic, the goals of treatment are pain relief and improvement in function. Non-operative care includes non-steroid anti-inXammatory drugs, shoulder muscle rehabilitation and steroid injections. Surgical intervention is indicated for those that fail these treatments or are unable to elevate the shoulder against gravity [5] . While less invasive techniques have become common in recent years [6] , the basic premise of surgical repair remains the same; closure of the tear without undue tension and reattachment of the torn tendon to its former insertion site on the humerus [7, 8] .
ClassiWcation of rotator cuV tears has aided surgical treatment. Tears have been classiWed based on many factors including size [9] [10] [11] , shape [12] [13] [14] , thickness [14] , tendon involvement [15] , etiology [16] , duration of symptoms [17] , and ability of the tear to be approximated to bone [18] . Yet reports of surgical treatment most commonly classiWed the rotator cuV tears by only the two factors of size and tendon involvement [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] .
Rotator cuV tears with retraction of the torn tendon edge away from the avulsed humeral insertion site are often the most diYcult to repair. Retraction of the tendon results in the length of the torn tendon edge being longer than the length of the avulsed humeral insertion site. This is implicit in the shape of rotator cuV tear with retraction, such as trapezoidal and U-shaped tears [12] [13] [14] , that often require mobilization of the rotator cuV tendons and muscles. Outcome was better if such tears were repaired [7, [34] [35] [36] rather than debrided [37, 38] or reconstructed with fascia [39] , allograft [7, 40] , synthetic material [41] , or other portions of the rotator cuV [9, 42] . Yet retraction is qualitative, changing with shoulder position. The purpose of this study was to quantify the discrepancy in length of the torn tendon edge and the length of the avulsed humeral insertion site as a novel factor to aid in selection of the surgical repair technique.
Materials and methods
Forty-two fresh frozen cadaveric shoulders were dissected of the deltoid muscle exposing the rotator cuV. Twelve shoulders (mean age 79.3 § 9.9 years) had a full thickness rotator cuV tear and were used for study. Seven were male and Wve were female. The tendons of the rotator cuV were deWned by marking the borders of the muscles and tendons of the subscapularis, supraspinatus, infraspinatus and teres minor with India ink. The humerus was positioned in the scapular plane, in neutral rotation (intertubercular groove aligned with anterolateral edge of acromion), and parallel to the medial border of scapula simulating position of the arm being at the side of the body.
The geometry of the rotator cuV tear was measured with a 2-0 Ethibond suture (polyester Wber, Ethicon Inc., New Jersey, USA) and digital calipers (Absolute Digimatic, Mitutoyo Corp, Japan). The suture was meticulously positioned along the site to be measured. The limits of the site were marked with hemostat clamps on the suture. The distance between the clamps was then measured with the calipers (accuracy of 0.1 mm). The length along the torn tendon(s) edge, the length of the avulsed humeral insertion site (at the articular margin), and the greatest distance from the torn tendon edge to the avulsed humeral insertion site (at the articular margin), retraction, were measured ( Fig. 1) . The tendons involved in the tear were recorded.
Each tear was then classiWed according to the length of the avulsed humeral insertion site as small, (less than 1 cm), medium (1-3 cm), large (3-5 cm) or, massive (greater than 5 cm) [10] . Tears were also classiWed by the tendon involvement as stage 1A if partial thickness, stage 1B if full thickness isolated to supraspinatus, stage 2 if both supraspinatus and infraspinatus tendons were involved, Stage 3 if the supraspinatus, infraspinatus and subscapularis were involved, and stage 4 if rotator cuV arthropathy had developed [15] .
A paired t test (two-tailed) was used to compare the length along the torn tendon edge and the length of the avulsed humeral insertion site. Pearson's test (two-tailed) was used to determine if a correlation existed between the length of torn tendon edge (a) and distance of retraction (c). Statistical analysis was done with the SPSS software program (version 10.0, SPSS Inc., Chicago, IL, USA).
Results
Repeated measurements (10 times) performed on one specimen were within 1.0 mm. The length of the torn tendon edge was 74.8 § 23.7 mm (range 42-115 mm) (mean § SD). The length of the avulsed humeral insertion site was 29.5 § 9.2 mm (range 17-44 mm). Retraction from the torn tendon edge to the avulsed humeral insertion site was 29.9 § 9.3 mm (range 21-48 mm). Eight tears were medium and four were large size. Six of the tears were stage 1B, and six stage 2 according to classiWcation of Harryman and coworkers (Table 1 ) [15] . The length of the torn tendon edge was signiWcantly greater than the length of the avulsed humeral insertion site (P = 0.000). The ratio between these of 2.6 § 0.4 (range 2.1-3.5) was deWned as the repair ratio. There was a high correlation between the length of torn tendon edge and the amount of retraction (r = 0.94, P = 0.000).
Discussion
To the best of our knowledge, this is the Wrst quantitative study showing the discrepancy between the torn tendon edge and avulsed humeral insertion site in medium and large size rotator cuV tears. The length of the torn tendon edge was more than twice the size of the avulsed humeral insertion in medium and large size, retracted rotator cuV tears. This precludes simple tendon-to-bone apposition of the entire length of the torn tendon edge. Attempts to pull the torn tendon edge of a retracted tear to the bone of the avulsed humeral insertion may not minimize tension in the rotator cuV repair. Small tension has been prior shown to yield improved outcome after the rotator cuV repair compared to those with large tension [43, 44] . Undue tension of the repair can be conWrmed by the surgeon being able to place the arm at the side [7] or in a functional position [8] at the completion of the repair.
Repair ratio was deWned as the ratio of the length of the torn tendon edge and the length of the avulsed insertion site. It may be helpful in simultaneously assessing factors of retraction and size of rotator cuV tears, both known to aVect outcome [8, 10, [45] [46] [47] [48] [49] . Greater retraction is associated with tears of increased size and also indicates there was more severe damage to the tendon. The length of torn tendon edge is highly correlated to the amount of retraction. Yet for two tears with the same amount of retraction, the one with a greater repair ratio, and therefore a smaller size of humeral avulsion site, may be the more diYcult to repair.
In addition, both the length of the torn tendon edge and the length of the avulsed insertion site can be quantiWed and are independent of shoulder position. Retraction is dependent on shoulder position, being larger for a given size rotator cuV tear with the shoulder in adduction than abduction [50, 51] .
Side-to-side repair can be used to close a longitudinal rotator cuV tear [52] but alone, it can not restore the anatomical relationship of the rotator cuV to the greater tuberosity during repair of a rotator cuV tear. It may, however, be used as part of the repair to enable better apposition of the repair to bone. Side-to-side repair of the torn tendon edge was described prior as "margin convergence" [12] . This concept was described as reducing the load necessary to pull the torn tendon edge to the bone of the avulsed insertion site. Retracted, U-shaped tears could be lessened in size and converted to crescent-shaped tears for repair to bone. Margin convergence may also minimize portions of torn tendon that gather between the sutures, commonly called "dog ears". The repair ratio provides a guide for application of margin convergence. Assuming that the muscle-tendon unit is resilient, if the repair ratio equals one, the entire length of the torn tendon edge can be repaired to the bone of the avulsed insertion site. If the repair ratio is two, then 50% of the torn tendon edge should be repaired to the bone of the avulsed insertion site. The remainder of the torn tendon edge that cannot be repaired to bone should be repaired with a side-to-side technique. If the repair ratio is three, such as was the case for some of the tears in the present study, then only one-third of the torn tendon edge should be repaired to the bone of the avulsed insertion site. In the current study, comprised of medium and large size rotator cuV tears, the repair ratio was always greater than two. This might imply that in medium to large size rotator cuV tears, only less than half of the torn tendon edge can be repaired back to avulsed insertion site. Study of a greater number of specimens may have yielded more speciWc guidelines for repair. This study is limited to the trapezoidal or U-shaped rotator cuV tears since some type of tears such as L-shaped are not represented. It may be challenging to perform the measurements in clinical setting and requires further study. Also mobilization and release of the rotator cuV tendon, known to be important component of repair of retracted rotator cuV tears was not assessed in these cadaveric shoulders. If the repair cannot be achieved without undue tension, release of the capsule and mobilization of the rotator cuV outside the joint can be done. Release at the rotator interval, coined the interval slide, can be also be used to mobilize the rotator cuV and minimize tension on the repair [8] .
As only the length of the torn tendon edge equal to the length of the avulsed humeral insertion site can be repaired to bone, a repair ratio more than one precludes a simple repair. There is a discrepancy between the length of the torn tendon edge and the length of the avulsed humeral insertion site (i.e. repair ratio >1) in retracted, medium and large size rotator cuV tears. An additional repair technique such as margin convergence would be necessary for the remaining unapproximated torn tendon edge in these rotator cuV tears.
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